Objective: To determine the interobserver and intraobserver agreement in the diagnosis of interstitial lung diseases (ILDs) based on HRCT scans and the impact of observer expertise, clinical data and confidence level on such agreement. Methods: Two thoracic radiologists and two general radiologists independently reviewed the HRCT images of 58 patients with ILDs on two distinct occasions: prior to and after the clinical anamnesis. The radiologists selected up to three diagnostic hypotheses for each patient and defined the confidence level for these hypotheses. One of the thoracic and one of the general radiologists re-evaluated the same images up to three months after the first readings. In the coefficient analyses, the kappa statistic was used. Results: The thoracic and general radiologists, respectively, agreed on at least one diagnosis for each patient in 91.4% and 82.8% of the patients. The thoracic radiologists agreed on the most likely diagnosis in 48.3% (κ = 0.42) and 62.1% (κ = 0.58) of the cases, respectively, prior to and after the clinical anamnesis; likewise, the general radiologists agreed on the most likely diagnosis in 37.9% (κ = 0.32) and 36.2% (κ = 0.30) of the cases. For the thoracic radiologist, the intraobserver agreement on the most likely diagnosis was 0.73 and 0.63 prior to and after the clinical anamnesis, respectively. That for the general radiologist was 0.38 and 0.42.The thoracic radiologists presented almost perfect agreement for the diagnostic hypotheses defined with the high confidence level. Conclusions: Interobserver and intraobserver agreement in the diagnosis of ILDs based on HRCT scans ranged from fair to almost perfect and was influenced by radiologist expertise, clinical history and confidence level.
tively, 49.6 and 58.1 years (range: 29-81 years for the sample as a whole).
The diagnostic spectrum of the 58 cases encompassed a representative sample of the ILDs seen in our population. The final diagnoses and methods used to establish them are shown in Tables 1 and 2 .
The institutional review board approval was issued by the Research Ethics Committee of the center where the study was performed on September 30th, 2005. The informed consent was not necessary, since it was a retrospective study.
We acquired HRCT images under the following conditions: 1.0 to 2.0 mm collimation, 10 to 15 mm interspaces, breath-holding at full inspiration and supine position. None of the patients received i.v. contrast material. The images were reconstructed with a high spatial frequency algorithm and photographed
Introduction
The use of HRCT has an established role in the detection and in the differential diagnosis of interstitial lung diseases (ILDs).
(1-6) In selected cases, a specific HRCT pattern suffices for the presumptive diagnosis, even in the absence of histological confirmation. (7, 8) The evaluation of HRCT scans for ILDs relies on the subjective interpretation of images and the recognition of abnormal patterns, which are associated with interobserver and intraobserver variations. The lack of adequate training contributes to the variability of image interpretation and confidence in diagnoses made on the basis of HRCT findings. (7) (8) (9) The impact of clinical information, the observer expertise and the confidence level for the diagnostic hypotheses on the interobserver and intraobserver agreement in the diagnosis of ILDs based on HRCT scans are important issues that have not been fully evaluated. (7, 10) The aim of this study was to determine the interobserver and intraobserver agreement on the diagnosis of ILDs based on HRCT scans, as well as to evaluate the influence of the observer expertise, the confidence level and the clinical history of patients on the observer agreement, comparing two experienced thoracic radiologists with two young general radiologists who have received basic training in HRCT.
Methods
In order to select the study population, all 189 of the HRCT scans available between March of 2004 and June of 2006 in the archives at the Pulmonology Department of São Paulo Hospital, a tertiary referral center, were retrospectively reviewed. Only patients with technically adequate examinations who had been definitely diagnosed with ILDs by means of appropriate standards (clinical, laboratory and radiological data, as well as histological confirmation when necessary) were included. Those with postsurgical changes, active infections, malignant disease, predominantly airway disease or unavailable clinical records were excluded from the study. All of the scans were selected by the same radiologist, who did not take part in the evaluation of the scans. The study sample comprised the HRCT scans of 58 patients (30 females and 28 males). The mean age of females and males was, respec- None of the observers were aware of the specific diagnoses or had prior knowledge of any of the cases. Images were initially reviewed without any knowledge of the clinical findings. All observers could list one to three diagnostic hypotheses for each patient and then select a confidence level of 1, 2 or 3 (low, medium or high, respectively) for each hypothesis. For the diagnostic hypotheses, radiologists had been asked to use the histopathological patterns rather than the clinical diagnoses. They had also been asked to use the latest American Thoracic Society/European Respiratory Society (ATS/ERS) classification of idiopathic interstitial pneumonias. (11) Immediately thereafter, all of the observers listed again one to three diagnostic hypotheses for each patient and selected a level of confidence for these hypotheses after the clinical information was provided. Sex; age; respiratory and systemic symptoms; smoking history; presence of other diseases, such as collagenoses and gastroesophageal reflux; environmental and occupational exposures; and physical examination were the items included in the clinical information list provided.
In order to evaluate intraobserver agreement, all images were reviewed by one of the thoracic radiologists and one of the general radiologists 1-3 months after the first analysis.
Statistical analyses were performed using the Minitab software program, version 14.2 (Minitab Inc., State College, MA, USA). Interobserver and intraobserver agreement on the most likely diagnoses and on at least one of the diagnoses for each patient, prior to and after the assessment of the clinical data, was quantified using the unadjusted kappa coefficient, categorized as "poor" for κ ≤ 0.20; "fair" for 0.21 ≤ κ ≤ 0.40; "moderate" for 0.41 ≤ κ ≤ 0.60; "substantial" for 0.61 ≤ κ ≤ 0.80; and "almost perfect" for 0.81 ≤ κ ≤ 1.00. (12) To a more accurate demonstration of differences, the chi-square test and Fisher's exact test were used. The level of significance was set at p < 0.05.
Results
The two thoracic radiologists agreed on at least one diagnosis for each patient in 53 (91.4%) and 54 (93.1%) of the cases, respectively, prior to and after the clinical information was provided, the clinical information, the two thoracic radiologists, respectively, selected the high level of confidence for the diagnosis for 36 (62.0%) and 47 (81.0%) of the patients, 30 (51.7%) of whom were selected by both. Subsequently, only the cases in which the level of confidence was defined as high by both thoracic radiologists were taken into consideration. There was interobserver agreement on the most likely diagnosis for 6 (66.7%) and 19 (63.3%) of these patients, respectively, prior to and after the review of the clinical data. The interobserver agreement was considered moderate (κ = 0.57) and almost perfect (κ = 0.85), respectively, prior to and after the clinical data were available. One of the general radiologists selected the high level of confidence for the diagnosis for, respectively, 13 (22.4%) and 14 (24.1%) of the patients prior to and after the clinical information was provided. The other general radiologist as did the two general radiologists in 48 (82.8%) and 47 (81.1%) of the cases.
The two thoracic radiologists agreed on the most likely diagnosis for each patient in 48.3% (κ = 0.42) and 62.1% (κ = 0.58) of the cases, respectively, prior to and after the clinical data were provided, as did the two general radiologists in 37.9% (κ = 0.32) and in 36.2% (κ = 0.30) of the cases (Figures 1-3) .
The interobserver agreement between the thoracic and the general radiologists was statistically significant (p = 0.005) only for the most likely diagnostic hypothesis after the assessment of the clinical data.
Prior to receiving the clinical data of the patients in study, the two thoracic radiologists, respectively, selected the high level of confidence for the diagnosis for 15 (25.8%) and 36 (62.0%) of the patients, 9 (15.5%) of whom were selected by both. After reviewing a b Figure 1a and b -HRCT scans of a patient with usual idiopathic pulmonary fibrosis (patient # 27 in Table 2 ). All observers agreed on usual interstitial pneumonia as the most likely diagnosis. a b Figure 2a and b -HRCT scans of a patient with sarcoidosis, diagnosed by surgical lung biopsy (patient # 25 in Table 2 ). The observers selected chronic hypersensitivity pneumonitis or sarcoidosis as the most likely diagnosis. After the clinical data were provided, with no history of exposure, they agreed on sarcoidosis as the first-choice diagnosis.
Observer agreement in the diagnosis of interstitial lung diseases based on HRCT scans J Bras Pneumol. 2010;36(1):29-36 33 esis, on both occasions, for 10 (17.2%) and 31 (53.4%) of the patients, respectively, prior to and after the clinical information was provided. There was intraobserver agreement on the most likely diagnosis (high level of confidence) for 9 (90.0%) and 26 (86.7%) of the patients, respectively, prior to and after the clinical data were provided. This agreement was considered almost perfect on both occasions (κ = 0.87 and κ = 0.85 respectively). Because the general radiologist did not select the high level of confidence for any of the cases, we were unable to estimate the agreement on the most likely diagnosis.
Discussion
In previous studies, interobserver agreement on the diagnosis of ILDs based on HRCT scans was estimated. Two groups of authors (3, 6) found κ-values of 0.78 and 0.75, respectively, for the interobserver agreement on the most likely diagnosis between experienced radiologists. These studies, however, predate the latest ATS/ ERS classification of idiopathic interstitial pneumonias (11) ; therefore, the definitions of these diseases were unclear.
One group of authors, (13) evaluating only HRCT images from patients with idiopathic interstitial pneumonia, found a κ-value of 0.55 for the interobserver agreement regardless of the level of confidence, and a κ-value of 0.65 for the interobserver agreement on the diagnosis selected the high level of confidence for the diagnosis for none of the patients; therefore, we could not estimate the interobserver agreement on the most likely diagnosis for the general radiologists.
The thoracic radiologist who reviewed the HRCT scans on two distinct occasions agreed on at least one diagnostic hypothesis for each patient in 56 (96.6%) and 57 (98.3%) of the cases, respectively, prior to and after the clinical information was provided. The general radiologist who reviewed the HRCT scans on two distinct occasions agreed on at least one diagnosis for each patient in 51 (87.9%) and 50 (86.2%) of the cases, respectively, prior to and after the clinical information was provided.
The intraobserver agreement on the most likely diagnosis for each patient for the thoracic radiologist was, respectively, 74.1% (κ = 0.73) and 65.5% (κ = 0.63) prior to and after the clinical data were provided. The intraobserver agreement on the most likely diagnosis for each patient for the general radiologist was, respectively, 43.1% (κ = 0.38) and 46.6% (κ = 0.42) prior to and after the clinical data were provided.
The difference between the intraobserver agreement on the most likely diagnosis for the thoracic radiologist and for the general radiologist was statistically significant both prior to and after the clinical data were provided (p = 0.001 and p = 0.040, respectively).
The thoracic radiologist selected the high level of confidence for the diagnostic hypotha b Figure 3a and b -HRCT scans of a patient with chronic hypersensitivity pneumonitis, diagnosed by surgical lung biopsy (patient # 29 in Table 2 ). The observers selected chronic hypersensitivity pneumonitis, usual interstitial pneumonia or non-specific pneumonia as the first-choice diagnosis. After the information of clinical history of bird exposure, the thoracic radiologists agreed on chronic hypersensitivity pneumonitis as the most likely hypothesis; the general radiologists agreed on usual interstitial pneumonia.
As expected, a high level of confidence was much more frequently selected by the thoracic radiologists than by the general radiologists. The high level of confidence increased the κ-values from 0.42 to 0.57 for the interobserver agreement on the most likely diagnosis for the thoracic radiologists. The clinical information also increased the agreement on the selection of the high level of confidence. The interobserver agreement on the most likely diagnosis for the thoracic radiologists improved from moderate (κ = 0.58) to almost perfect (κ = 0.85). This improvement in agreement, especially when the clinical information was provided, confirms the importance of a confident hypothesis based on HRCT scans.
The intraobserver agreement was also higher for the thoracic radiologist than for the general radiologist (κ = 0.73 vs. κ = 0.38). Again, as expected, the agreement on the diagnostic hypotheses was higher for the most experienced observer. Intraobserver agreement was not statistically influenced by the clinical information. Similarly to the interobserver agreement, a diagnosis for which the level of confidence was classified as high was made more frequently by the thoracic radiologist than by the general radiologist. This significantly increased the degree of intraobserver agreement. For the thoracic radiologist, the intraobserver agreement on the diagnostic hypothesis with the high level of confidence was almost perfect prior to and after the clinical information was provided (κ = 0.87 and κ = 0.85, respectively).
In recent decades, the widely accepted gold standard for the diagnosis of ILDs was the histological diagnosis based on surgical biopsy. Concerns about the morbidity of the procedure, interobserver variations and various nonrepresentative specimens obtained from the lung biopsies have led to a reappraisal of this "gold standard" for the diagnosis of ILDs in clinical practice. It is increasingly accepted that the diagnosis of ILDs requires a multidisciplinary approach with the reconciliation of clinical, radiological and histological findings. Therefore, it is extremely important to have the most accurate observer agreement on the diagnoses based on HRCT scans. (14, 15) Our study has some limitations. Although ILDs are relatively uncommon, the number of cases we analyzed was smaller than was that with a high level of confidence. Another group of authors (9) studied the interobserver variation between 11 thoracic radiologists in the diagnosis of ILDs, comparing images from secondary and tertiary centers, and found an overall κ-value of 0.48. In that study, the κ-values ranged from 0.60, in secondary centers, to 0.34, in tertiary centers. These data well demonstrate the difference between observer agreement for complex cases at tertiary centers and for simple cases at secondary centers. In another study, (7) interobserver agreement on the diagnosis of idiopathic interstitial pneumonia was determined. A significant increase in agreement was found after the clinical information was provided, since κ-values increased from 0.72 to 0.80.
Observer experience and expertise are peculiar issues that were not considered in the previous studies, because in most of them only highly specialized observers were included. (3, 6, 7, 9, 13) In many centers, HRCT images are usually reviewed by general radiologists, who might not be familiar with the imaging aspects and the classification of ILDs. For this reason, we decided to compare interobserver and intraobserver agreement between thoracic and general radiologists. We found greater agreement between the thoracic radiologists than between the general radiologists. On the most likely diagnosis, the interobserver agreement for the thoracic radiologists was moderate (κ = 0.42); for the general radiologists, it was fair (κ = 0.32).
As the diagnostic hypotheses for ILDs based on HRCT scans are seldom confined to one possibility, it is also important to evaluate observer agreement taking into account other differential hypotheses. In our study, interobserver agreement was much higher when we took into account at least one of the three differential diagnoses listed by the radiologists for each patient. There was agreement between the two thoracic radiologists and the two general radiologists in 91.4% and 82.8% of the cases, respectively. Clinical data had a major impact on the interobserver agreement for the thoracic radiologists but only when the most likely diagnosis was taken into account. The interobserver agreement on the most likely diagnostic hypothesis for the thoracic radiologists increased from 48.3% (κ = 0.42) to 62.1% (κ = 0.58) of the cases when the clinical information was provided. of other series. Future studies should involve larger patient samples, so that more significant conclusions can be made. Another limitation is the fact that the patients were selected from a highly specialized outpatient clinic at a tertiary center, which could have led to the inclusion of subjects with complex ILDs, which would have an impact on the observer agreement. The outpatient clinic is also a referral center for some entities, including hypersensitivity pneumonitis (HP). This explains the unusual distribution of cases, in which HP is one of the most common diseases and idiopathic pulmonary fibrosis is less common than in other series. However, the patients included encompassed a representative sample of diseases seen in our population.
In conclusion, interobserver and intraobserver agreement on the diagnosis of ILDs based on HRCT scans in our population ranged from fair to almost perfect and was highly influenced by the expertise of the radiologists, the clinical information provided and the level of confidence for the diagnostic hypothesis. The best agreement was achieved with the review of HRCT scans by experienced thoracic radiologists with the assessment of the clinical data and a high level of confidence for the diagnostic hypothesis. Basic training in HRCT during the residence program can provide good reproducibility of the method; however, experience seems to be crucial in order to increase confidence for the definition of a specific diagnosis and to enhance the value of the clinical data.
